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4 Narrative Description of Scientific Accomplish-
ments

The main goals of this project were to study electronic structure, magnetism,
and optical properties in materials with potental use in spintronics. The
focus of the work was on transition metal and rare-earth nitrides. Transition
metal doping in SiC was also studied.

The methodology used was based on first-principels calculations using
the density functional theory (DFT) in the local spin density approxima-
tion (LSDA). During the course of the project, we developed the LSDA+U
approach and implemented it in the Full-Potential Linearized Muffin-Tin
Orbital method code (FP-LMTQO). We also applied the linear response ap-
proach for calculation of magnetic exchange interactions based on a Green's
function implementation of the atomic sphere approximation (ASA) ver-
sion of the LMTO method and used no-collinear magnetic calculations in
the rigid spin approximation. Optical properties of magnetic systems were
calculated using the ASA version of LMTO

The main accomplishments of the project can be summarized as follows.
The numbers in brackets refer to the above lists of published paper.

e A study was made of transition metal dopants in SiC. This led to two
papers,[1,12] the first was restricted to 3C-SiC hosts and established
the basic magnetic moment trends of the TM impurities on Si and
C sites, studied the preference for ferromagnetic or antiferromagnetic
coupling and discussed the competition with carbide and silicide for-
mation. The second focused on 4H SiC and delved deeper into the
energy levels of the defect, included relaxation via the FP-LMTO ap-
proach, and established the different nature of magnetic interactions
in the Cr and Mn cases.

e The nature of the exchange interactions in MnN and MnszN, were
studied using a mapping to a Heisenberg Hamiltonian.[2] We found
it to be dominated by second nearest neighbor ferromagnetic inter-
actions and smaller nearest neighbor antiferromagnetic interactions.
The role of vacancies was studied. The calculations of the partial
densities of states in MngNs were used to assist in the interpreta-
tion of spin-polarized scanning tunneling microcopy studies by A. R.
Smith at Ohio University.[17-19,21] MnN was found to actually prefer
zincblende structure [e.2] but the rocksalt structure may be stabilized
by a small number of N vacancies. A study of the optical interband
transitions in MnN was also carried out.[8]



e A comprehensive study [3,5,15,16,20] was made of the trends of the 3d
transition metal nitrides: we established their relative preference for
zincblende versus rocksalt structure and the development of magnetic
moments and their preferred alignment. The preference for zincblende
in crystals under tensile strain was established and proposed to be
relevant to the possible occurence of nanocrystalline precipitate phases
in doping of GaN with transition metal nitrides. Relatedly. we also

studied MngGaN.[6]

e The study of transition metal nitrides was expanded to other transition
metal group-V compounds.[4] A study was made of their structural
preference (rocksalt, NiAs-structure, zincblende, wurtzite) as function
of lattice constant, and the potentiality of achieving half-metallicity
in the zincblende phase under tensile strain. Biaxial strain effects on
this problem were also investigated.[7.14]

e A study was made of the possibility of using ScN as a dilute magnetic
semiconductor host with doping by Mn. The rationale for this work
was that alloys up to 30 % can be made because of the common crystal
structure. A first study [9] using FP-LMTO established fairly strong
exhange interactions and the presence of magnetic moments. A second
more in-depth study was made using linear response and a more so-
phisticated approach to calculating transition temperatures.[b.1] Our
calculations predict this system to be a ferromagnetic DMS with Curie
temperature above room temperature for concentrations of about 10
% Mn. We find the system to be sensitive to doping and this may be
the reason why magnetism has not yet been observed experimentally.
Both n and p-type dopign reduce T, and a background n-doping needs
to stay below 10%%/cm?® to achieve magnetism.

e Our newly developed LSDA+U capability was used to study rare-
earth nitrides and related compounds.[11,13,22] The symmetry break-
ing by development of orbital magnetic moment was found to be im-
portant in these systems. The magnetic behavior of Gd-pnictide com-
pounds (N,P,As,Sb) and Eu-chalcogenides (EuO, EuS, EuSe, EuTe)
were found to be well described by a nearest plus second nearest
neighbor S = 7/2 Heisenberg model and our calculations allowed us
to determine the exchange interactions of this model from first prin-
ciples. This explains their trend in Curie-Weiss temperatures and
critical magnetic fields.
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e The LSDA+U approach was also used to study CrN, which was found
to be at the brink of a Mott insulator transition.[e.1]

e We also started a study of a novel class of magnetic semiconductors,
BisTe;. BisSes, and SboTes doped with various TM atoms. These
materials have been mainly studied as thermo-electrics but recently
found useful as DMS hosts.[e.3]

e Unrelated to the magnetic systems but related to an earlier ONR spon-
sored project, we studied stacking faults in SiC.[10]

5 Interactions

Early on in the project. a collaboration was established with A. R. Smith at
Ohio University. We collaborated on SPSTM of MnsNy and also exchanged
ideas on Mn-doped SeN. We were contacted by a group in New Zealand.
headed by J. Trodahl. to study the optical properties of MnN and sub-
sequently various rare-earth nitrides. We continued a fruitful collaboration
with Mark van Schilfgaarde, at Arizona State University. The LSDA+U was
implemented in his Imf (FP-LMTQO) code during a sabbatical stay of the PI
at ASU. During this stay, we also became familiar with the non-collinear
and linear response magnetic calculations.

6 Summary of timeline and financial report

This project funded originally at the level of $409,632 was scheduled to end
on July 2006 but was extended with an additional funding of $15320 and an
extension of the end date till 30-September-2006. Completing a number of
the papers resulting from this work took extra time and caused the delay in
this final report.
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